This study was designed to develop models for short-(30-day) and long-(5-year) term mortality after heart failure (HF) hospitalization that include geriatric conditions, specifically mobility disability and dementia, to determine whether these conditions emerge as strong and independent risk factors.
Background
Although 80% of patients with HF are 65 years of age or older, no large studies have focused on the prognostic importance of geriatric conditions.
Methods
We analyzed medical record data from a national sample of Medicare beneficiaries hospitalized for HF. To identify independent predictors of mortality, we performed stepwise selection in multivariable logistic regression models. We used net reclassification improvement to assess the incremental benefit of adding geriatric conditions to a model containing traditional risk factors for mortality.
Results
The mean age of patients included in the analysis was 80 years; 59% were women, 13% were nonwhite, 10% had dementia, and 39% had mobility disability. Mortality rates were 9.8% at 30 days and 74.7% at 5 years. Twenty-one variables were considered for inclusion in the final multivariable model. Dementia and mobility disability were among the top predictors of short-and long-term mortality, with among the top 6 largest absolute standardized estimates in the final model for 30-day mortality, and among the top 7 largest standardized estimates for 5-year mortality. The net reclassification improvement when geriatric conditions were added to traditional factors was 5.1% at 30 days and 4.2% at 5 years.
Conclusions
Geriatric conditions are strongly and independently associated with short-and long-term mortality among older patients with HF. Prognostic information about patients with heart failure (HF) can be used to assist in clinical decision-making and identify potential targets for intervention. Published tools to stratify the risk of HF patients have traditionally focused on demographic factors, HF severity, medically diagnosed comorbid diseases, physical examination findings, and laboratory values (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) . Although 80% of patients with HF are 65 years of age or older, no large studies have focused on the prognostic importance of geriatric conditions, including mobility disability and dementia. These conditions fall outside of the traditional disease model, which permeates HF research and clinical care, and thus may be overlooked in the care of older patients with HF.
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To address this issue, we evaluated data from a nationally representative sample of Medicare patients hospitalized with HF in the U.S. that included information on geriatric conditions, cardiac function, comorbid diseases, and laboratory values. Our objective was to develop models for short-(30 days) and long-(5 years) term mortality after hospitalization for HF that included both traditional factors and geriatric conditions to determine whether geriatric conditions would emerge as strong and independent risk factors and to determine the incremental benefit of including geriatric conditions in models predicting mortality.
is an ongoing quality of care initiative for Medicare beneficiaries hospitalized with cardiovascular diseases, including HF. As part of the project, a cohort of fee-for-service Medicare beneficiaries hospitalized with a principal discharge diagnosis of HF (International Classification of Diseases-9th Revision-Clinical Modification codes 402.01, 402.11, 402.91, 404.01, 404.91, or 428) (11) between April 1998 and March 1999 or July 2000 and June 2001 inclusive, was identified to assess quality of medical care. In each sampling period, hospital medical records were grouped by state, and then sorted by patients' age, sex, and race, as well as the treating hospital. Up to 800 records were then randomly selected from each state. All records were included if fewer than 800 hospitalizations occurred in a state during a sampling period (Alaska, Hawaii, Idaho, Utah, Vermont, and Wyoming in both samples). Medical records of selected patients were obtained from the treating hospital and underwent detailed review by trained data abstractors in central data abstraction centers.
The reliability of data collected for the National Heart Care Project was formally assessed by comparing results obtained by abstractors with results obtained by a clinically experienced panel reviewing the same medical records (n ϭ 154) to determine assessment of ejection fraction and prescription of an angiotensin-converting enzyme inhibitor to patients with reduced systolic function. Kappa values for these measures were 0.95 and 0.88, respectively. Similarly, inter-rater reliability was assessed by having 2 abstractors independently abstract the medical records (n ϭ 560). For the 13 measures assessed (pertaining to prescription of angiotensin-converting enzyme inhibitors, measurement of ejection fraction, cigarette smoking, discharge instructions, and use of beta-blockers), 6 had a kappa Ͼ0.8 denoting almost perfect agreement, and 5 had a kappa of 0.61 to 0.80 denoting substantial agreement.
The reliability of data collected to assess geriatric conditions was not assessed with the same rigor as the quality measures, which is not surprising given the National Heart Care Project's focus on quality measures for HF hospitalization. However, while preparing for the second phase of data collection (July 2000 through June 2001), the agreement of assessments by abstractors and a clinically experienced panel was measured for mobility and dementia. One hundred charts were reviewed, and agreement was found in 85% of mobility assessments and 99% of dementia assessments. Study cohort. The National Heart Care cohort included 78,882 records, of which 39,477 were from 1998 to 1999 and 39,405 from 2000 to 2001. Of the 78,882 initially sampled hospitalizations, 6,558 patients younger than 65 years were excluded because they are not representative of the majority of Medicare patients. Patients who arrived by interhospital transfer (n ϭ 2,419) and those without chart documentation of HF on admission (n ϭ 5,003) were excluded to ensure a cohort of patients presenting with HF. After chart abstraction identified 1 of the National Heart Care Project's exclusion criteria (chronic hemodialysis, discharge against medical advice, and repeat hospital admission) (12), 4,340 patients were excluded. Patients were also excluded if their vital status could not be verified (n ϭ 48). In total, 16,552 records met 1 or more of these exclusions, resulting in a cohort of 62,330 patients. Geriatric conditions. For the assessment of geriatric conditions, abstractors were trained to exclude conditions that were not present before the onset of the current illness that led to hospitalization. For example, if the patient was unable to walk due to increasing shortness of breath over the 2 days before hospitalization, but did not have limitation in mobility before this illness, the patient's mobility would be categorized as not limited.
Mobility was assessed using information from physician, nursing, and physical therapy notes, as well as the discharge summary. Mobility disability was defined as requiring assistance (from a device, such as a cane or a walker, or from another person) or being unable to walk. If there was no explicit documentation in the medical record regarding mobility, this was coded as "missing." Abstractors were instructed not to infer status based on presence of other conditions.
The presence of dementia (defined as a chronic loss of mental function or slowly progressive mental decline) was determined using the same sources as used for the assessment of mobility (excluding physical therapy notes). Acute confusional states and delirium were not included. Abstractors were trained to search for documentation of a history of dementia. If no documentation was found, dementia was considered not present. Patient outcomes. Mortality at 30 days and 5 years after admission was determined using the Medicare Enrollment Database and the Death Master File of the Social Security Administration (13) . Whereas the greatest (incident) mortality risk occurs in the month after HF hospitalization (14) , mortality at 5 years was also examined to determine the long-term importance of geriatric conditions. Statistical analysis. For descriptive purposes, we compared patient characteristics (demographic and clinical) between those with at least 1 geriatric condition and those with none using the chi-square or t test. Of total patients, 31% were missing data on mobility disability, and 37% were missing data on left ventricular ejection fraction. All other variables were missing Ͻ5% of values. We did not impute missing data, nor did we exclude subjects with missing data. Rather, we created "dummy variables" for missing values. Because some variables would be expected to have nonlinear relationships with the outcome, we examined the bivariate relationship of each predictor with 5-year mortality. For variables where the strength of the linear association varied across the range of values observed (including serum sodium and potassium, systolic blood pressure, and body tempera-
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HF ‫؍‬ heart failure NRI ‫؍‬ net reclassification improvement ture), splines were considered. However, the final results were minimally affected, so for enhanced clarity these variables were considered in a continuous fashion.
Nonparametric Spearman rank-order correlations between variables were evaluated, and when the correlation coefficient was Ͼ0.4, denoting potential collinearity, a single factor was chosen based on clinical judgment and the strength of the association with the outcome in bivariate analyses. The only correlation coefficients that exceeded 0.4 were those between systolic and diastolic blood pressure (0.62) and blood urea nitrogen and creatinine (0.72). Systolic blood pressure and serum creatinine were then selected for inclusion in the final model based on strength of bivariate association.
To identify independent predictors of mortality for each time point (30 days and 5 years), we derived 1,000 data samples using bootstrapping simulation and performed stepwise selection in logistic regression models (p value for entry ϭ 0.01 and for exit ϭ 0.001) for each data sample. Variables retained in more than 80% (more than 800 times in the 1,000 iterations) of simulated stepwise selection models at either time point were included in the final, multivariable logistic regression models for both time points. In addition to odds ratios, standardized estimates were derived from the multivariable logistic regression models to compare the effect size of each variable on mortality. The standardized estimate is the correlation coefficient determined after standardizing each variable to have a mean of 0 and a standard deviation of 1, thereby minimizing the effect of unit size on observed associations. It represents the change in response for a change of 1 standard deviation in a predictor.
We also used a newly described reclassification approach to assess the incremental benefit of adding geriatric conditions to a multivariable model containing traditional risk factors (age, sex, race, body temperature, systolic blood pressure, heart rate, respiratory rate, serum sodium, potassium, creatinine, white blood cell count, hematocrit, prior HF, aortic stenosis, coronary artery disease, cerebrovascular disease, cancer, hypertension, diabetes mellitus, chronic obstructive pulmonary disease, and left ventricular ejection fraction) to predict mortality (15) . This approach expands upon previously published reclassification methods (16, 17) . For the purposes of risk reclassification, patients were classified in quartiles of mortality risk. The net reclassification improvement (NRI) focuses on the reclassification of persons who developed events and those who did not after new information is added to the predictive model. Among persons who experienced an event (i.e., mortality), reclassification to a higher risk group was considered upward movement/improvement in classification. Reclassification downward was considered worsening in classification for those who developed an event. Conversely, among persons who did not experience an event, reclassification upward was considered worsening and reclassification downward was considered improvement in classification. Reclassification improvement was then estimated by taking the sum of differences in proportions of individuals reclassified upward minus the proportion reclassified downward for people who developed events, and the proportion of individuals moving downward minus the proportion moving upward for those who did not develop events. Using these methods, the overall reclassification sum is the NRI, and the statistical significance of the overall improvement is assessed with an asymptotic test.
All analyses were conducted using SAS software version 9.1 (SAS Institute, Cary, North Carolina). The authors had full access to and take full responsibility for the integrity of the data. All authors have read and agree to the manuscript as written.
Results
As shown in Table 1 , the mean age of the study population was 79.6 years; 58.5% were women and 13.4% were nonwhite. Most patients (71.6%) had a known diagnosis of HF before hospitalization. Coronary artery disease (57.2%), hypertension (63.7%), diabetes mellitus (39.7%), and chronic obstructive pulmonary disease (34.0%) were common comorbidities. Overall, 43.8% of patients had at least 1 geriatric condition (39.2% had mobility disability and 9.7% of patients had dementia). Compared with patients without a geriatric condition, those with at least 1 geriatric condition were older and more likely to be women. Patients with a geriatric condition were more likely to have pre-existing HF, aortic stenosis, cerebrovascular disease, and diabetes mellitus but less likely to have coronary artery disease or depressed ejection fraction. They also had lower systolic and diastolic blood pressure, higher serum blood urea nitrogen, and lower hematocrit compared with patients without a geriatric condition.
The 30-day mortality rate was 9.8% (n ϭ 6,124). Variables shown in Table 1 were considered for inclusion in the final multivariable models, which had good performance (receiver-operator curves were 0.73 and 0.76 for the 30-day and 5-year models, respectively). As shown in Table 2 , mobility disability and dementia were among the top 7 predictors of 30-day mortality in bivariate analyses, with among the largest absolute standardized estimates. In multivariable analyses, mobility disability and dementia were among the top 6 predictors of 30-day mortality, with 100% occurrence in the simulated regression models, and among the 6 largest absolute standardized estimates in the final model. The highest odds ratios were seen with serum creatinine (odds ratio [ At 5 years, the mortality rate was 74.7% (n ϭ 46,570). As shown in Table 3 , mobility disability and dementia were among the top 6 predictors of 5-year mortality in bivariate analyses, with among the largest absolute standardized At 30 days, the C statistic before adding geriatric conditions to the multivariable model was 0.75, and this increased to 0.76 after the conditions were added. At 5 years, the C statistic before adding geriatric conditions to the multivariable model was 0.75, and this increased to 0.76 after the conditions were added. For comparison, the C statistic before adding serum creatinine to the 30-day multivariable model was 0.75, increasing to 0.76 in the full model. Of note, information about mobility was missing in 31% of records. At 30 days, the standardized estimate for "missing mobility" was 0.16, with OR of 1.88 (95% CI: 1.73 to 2.04). At 5 years, the standardized estimate for "missing mobility" was 0.05, with OR of 1.23 (95% CI: 1.17 to 1.29).
As shown in Table 4 , at 30 days, most patients remained at the same level (i.e., quartile) of risk (along the diagonal, shown in bold font) after information about mobility disability and dementia were included as additional variables in the prediction model containing variables shown in Tables 2 and 3 (age, sex, race, body temperature, systolic blood pressure, heart rate, respiratory rate, serum sodium, potassium, creatinine, white blood cell count, hematocrit, prior HF, aortic stenosis, coronary artery disease, cerebrovascular disease, cancer, hypertension, diabetes mellitus, chronic obstructive pulmonary disease, and left ventricular ejection fraction). Considering those patients with an event, 767 were reclassified upward (above the diagonal) and 504 were reclassified downward (below the diagonal) after the Values are mean (SD) or %. *Of the total patients, 31% were missing data on mobility disability, and 37% were missing data on left ventricular ejection fraction. All other variables were missing Ͻ5% of values. †The p value is for comparison between patients with no geriatric condition and those with at least 1 geriatric condition.
geriatric conditions were added to the prediction model. For those without an event, 8,469 were reclassified downward and 8,138 were reclassified upward. Using previously reported methods (15) , the NRI at 30 days was calculated to be 5.1% (p Ͻ 0.001). Similarly, Table 5 shows the reclassification of mortality risk at 5 years. Again, cells in the diagonal represent those patients who remained in the same quartile of risk after the geriatric conditions were added to the model. For those with an event, 6,150 were reclassified upward and 5,883 were reclassified downward when the geriatric conditions were added to the prediction model. Considering those without an event, 1,933 were reclassified downward and 1,360 were reclassified upward. The NRI was 4.2% (p Ͻ 0.001).
Discussion
Our study demonstrates that geriatric conditions, specifically mobility disability and dementia, are strongly and independently associated with short-and long-term mortality among older persons hospitalized with HF. The demographic and clinical characteristics of patients with at least 1 geriatric condition differed from those of patients without a geriatric condition, but the relationship between the geriatric conditions and mortality persisted even after adjustment for these factors. Moreover, reclassification methods that assessed geriatric conditions and mortality demonstrated significant improvement in risk classification when geriatric conditions were added to multivariable models containing traditional risk factors. The magnitude of this improvement (5.1% at 30 days and 4.2% at 5 years) was similar to that seen when information about levels of high-sensitivity C-reactive protein was added to models of cardiovascular disease risk (5.6%) (17) .
These findings expand our current knowledge of prognosis after HF hospitalization. Previous studies have not examined the independent association of geriatric conditions with mortality after HF hospitalization. Geriatric conditions fall outside of the traditional medical model that underlies most HF research and clinical care, yet the significant reclassification effects of mobility disability and dementia underscore the importance of incorporating information about geriatric conditions into prognostic models and clinical decision making.
Our results demonstrate the importance of geriatric conditions for both short-and long-term mortality out- daily weighing is a cornerstone of HF self-care recommendations, patients with limited mobility may be unable to complete this assessment. Similarly, patients with dementia may have difficulty remembering to take medications and understanding sodium content of foods.
Although they may not be "curable," geriatric conditions can be addressed in a variety of ways. For example, a course of physical therapy and exercise may improve mobility, and increased caregiver and nursing support can be implemented to help patients with dementia adhere to medications. The benefits of interventions to address mobility and dementia are likely to extend beyond HF self-care. These interventions may also enhance patients' abilities to avoid or cope with other medical problems, including infections, falls, and a number of chronic diseases. Study limitations. This study used nationally representative data on over 62,000 patients hospitalized with HF followed for 5 years. However, our findings must be interpreted within the context of several potential limitations. First, because our sample included fee-for-service Medicare patients, our findings may not be applicable to elderly patients enrolled in Medicare managed care plans. Whereas the extensive self-care required for optimal management of HF (including daily measurement of body weight and ongoing vigilance regarding dietary sodium intake) may enhance the relevance of mobility disability and dementia, it is possible that these geriatric conditions would hold the same prognostic value among patients with other chronic diseases, such as chronic obstructive pulmonary disease. Future work should assess the prognostic importance of these geriatric conditions in non-HF populations. Also, our analysis of geriatric conditions was limited to mobility disability and dementia. We chose mobility disability and dementia because of: 1) their prevalence among general populations of older patients; 2) their potential influence on HF self-care, including medication and dietary adherence, as well as daily self weighing; and 3) their robust assessment (i.e., through detailed medical record review) within the National Heart Care Project. Other potentially relevant geriatric conditions, including urinary incontinence, frailty, and falls, were considered but were not included because they were not assessed. Future research should examine the prognostic importance of a broader array of geriatric conditions. We do not have information about do-not-resuscitate status of patients, and it may be that these patients received less intensive, "life-prolonging" medical care. Of note, only 5% of hospitalized patients with severe HF have a do-not-resuscitate order (18) . Outcomes were available only for mortality; hence, we were unable to evaluate other important end points, including health status. Finally, information about mobility was missing in 31% of records. This likely reflects clinical practice, in which patients' physical capabilities are often not assessed or recorded by clinicians. Of note, our results indicate that having missing information on mobility confers poorer prognosis.
Conclusions
Despite the aging of the population and the fact that HF primarily affects older persons in whom many complex conditions coexist, current studies and guidelines have not incorporated routine assessment or management of geriatric conditions. There is increasing recognition of the need to move away from considering diseases as solitary entities and to consider illness in the context of the patient (19) . Heart failure is the number 1 cause of hospitalization among persons age 65 years or older (20) , thereby placing tremendous burden on the health care system. Recent innovations in HF management have not yet translated into better outcomes in this population, underscoring the need for a new, more comprehensive approach to the care of this population (21) . By addressing geriatric conditions, it may be possible to improve prognosis. 
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